INTRODUCTION {#s1}
============

Medical rehabilitation in Japan is an intensive therapy conducted in the recovery phase ward. According to a national survey[@r1]^)^, there are 1,313 hospitals in Japan with recovery phase rehabilitation wards (1,678 wards and 74,817 beds), and this number is increasing annually. According to the Stroke Guidelines[@r2]^)^, rehabilitation for stroke starts at the bedside, from the acute phase immediately after onset. Continuing to the acute phase rehabilitation, the guidelines report the importance of the implementation of intensive and comprehensive rehabilitation in the recovery phase using a team-based approach[@r1]^)^.

Functional Independence Measure (FIM) scoring is used widely in the recovery phase rehabilitation wards as among the outcomes. The FIM score improves with the length of time spent in rehabilitation training for cerebrovascular disease groups, including stroke patients. Hence, it is important to implement intensive rehabilitation during the recovery period. In the national survey[@r1]^)^, cerebrovascular diseases, which accounted for 47.3% of the cases, were the most common causative diseases of patients admitted to the recovery phase rehabilitation wards. Japan is already becoming a super-aging society with the baby boomer generation (1947--1949) reaching old age (≥65 years)[@r3]^)^. In the 2016 survey, the number of the elderly population was 34,590,000, accounting for 27.3% of the total population (aging rate)[@r4]^)^. Such increase makes the implementation of intensive rehabilitation during the recovery phase and return of patients to their homes and communities, important tasks. Previous studies using a large database[@r5]^)^ predict discharge FIM from many parameters. However, it is important not to determine the FIM score at discharge, but to predict whether it will be possible to be discharged home at admission. The purpose of this study was to clarify the cut-off point of the FIM score for predicting discharge to home of cerebrovascular disease patients in the convalescent rehabilitation ward.

PARTICIPANTS AND METHODS {#s2}
========================

The target participants were 91 patients with cerebrovascular disease who were admitted to the convalescent rehabilitation ward of Sakuragaoka Central Hospital in Kanagawa between July 2015 and June 2016 to undergo rehabilitation training ([Table 1](#tbl_001){ref-type="table"}Table 1.Cerebrovascular disease (n=91)DiagnosisHome discharge group (n=71)Non-home discharge group (n=20)Cerebral hemorrhage193Cerebral infarction3913Subarachnoid hemorrhage53Subdural hematoma10Cerebllum hemorrhage20Brain tumor11Polyneuropathy, schwannoma, postresuscitation encephalopathy, internal carotid aneurysm40). We categorized participants into discharged home groups (N=71) and non-discharged home groups (N=20).

We evaluated the participants' age, disease, period until hospitalization, number of hospitalization days, ability to perform activities of daily living (ADL), balance ability, and cognitive function. FIM was used to evaluate the ability to perform ADL[@r6]^)^, and the FIM motor score (FIM-M score), FIM cognitive score (FIM-C score), and FIM total score (FIM-T score) were calculated. The FIM score change indices, which refer to the difference in the FIM score at admission subtracted from the FIM score at discharge, were calculated as FIM-M score gain, FIM-C score gain, and FIM-T score gain. The daily improvement rate in the FIM score, which was calculated by dividing the FIM score gain by the number of hospitalization days, was set as FIM efficiency, and as FIM-M-E, FIM-C-E, and FIM-T-E, respectively. Half standing (HS), Functional Reach Test (FRT)[@r7]^)^, Berg balance scale (BBS)[@r8]^)^, and the 10-meter walking test (10MW) were used to evaluate the balance and walking abilities of the patients[@r9]^)^. The Mini-Mental State Examination (MMSE)[@r10]^)^ and the Hasegawa dementia rating scale-revised (HDS-R)[@r11]^)^ were used to evaluate the cognitive function. The Fujishima scale was used to assess the swallowing function (Fujishima scale).

The receiver operating characteristic curve (ROC curve) was applied in this research to identify the relevant cut-off point in clinical setting and to evaluate the effectiveness and accuracy of the measurement method used[@r12]^)^. The ROC curve was used retrospectively to statistically calculate the cutoff point for FIM-M score[@r13]^)^ for patients who were discharged home. Factors found to have a statistically significant correlation were selected to elucidate those relating to the ability to be discharged home. A multiple logistic regression analysis was conducted on the effect of each factor, with the discharge destination (discharged home group/non-discharged home group) as the dependent variable. The group that was discharged to home from the recovery phase rehabilitation ward was set as the discharged home group, and the group discharged to a facility other than their own home was set as the non-discharged home group.

The outcome parameters in the two groups (discharged home group/non-discharged home group) were divided into different categories and compared using the Mann-Whitney U test. We used a ROC curve for the FIM score at admission along with its sensitivity and specificity to determine the cut-off point of the FIM score at admission to predict discharge to home in patients with cerebrovascular.

Data were analyzed using SPSS version 23.0 (IBM Japan, Tokyo, Japan) for Windows statistical software. Significance was accepted for values of p\<0.05.

This study was implemented with the approval of the ethical review board of Kanagawa University of Human Services (Approval number 10-37) and with the consent of the Sakuragaoka Central Hospital. Written informed consent was obtained from all patients before enrolment.

RESULTS {#s3}
=======

Ninety-one patients with cerebrovascular disease were analyzed. The discharged home group (n=71) was significantly younger than the non-discharged home group (p\<0.05). The number of hospitalization days was significantly shorter in the discharged home group (p\<0.05). The period until hospitalization in the recovery phase ward was also shorter in the discharged home group than in the non-discharged home group, but the difference was not significant ([Table 2](#tbl_002){ref-type="table"}Table 2.Participant characteristics, physical function, cognitive functionHome discharge group (n=71)Non-home discharge group (n=20)Gender (Males/Females)42/297/13AveSDAveSDPAge (years)67.0312.1374.211.470.05Onset of disease (days)38.2315.749.6329.18N.S.Length of hospital stay (days)81.2445.24109.3549.60.05BalanceHS - Rt (sec)8.9212.294.027.86N.S.HS - Lt (sec)10.3622.32.846.59N.S.FRT (cm)24.069.9326.7814.12N.S.BBS (points)36.2718.0913.9316.060.05Gait10MW time (sec)11.285.1513.108.32N.S.10MW step (steps)20.686.2820.205.45N.S.GripPower grip - Rt (kg)20.5810.0714.0910.68N.S.Power grip - Lt (kg)22.2411.7918.807.85N.S.Cognitive functionHDS-R (points)23.596.7118.005.950.05MMSE (points)24.056.0421.114.73N.S.Swallowing functionFujishima scale (points)8.472.016.472.950.05Mann-Whitney U test.HS: half standing; FRT: Functional Reach Test; BBS: Berg Balance Scale; 10MW: 10 m Walking test; HDS-R: Hasegawa dementia rating scale-revised; MMSE: Mini-Mental State Examination. Swallowing function: Fujishima scale.). The BBS score, which was used to evaluate balance ability, was significantly higher in the discharged home group (p\<0.05). Similarly, the cognitive function evaluation HDS-R score (p\<0.05) and the swallowing function evaluation score (p\<0.05) were also higher in this group. There was no significant difference in HS, FRT, 10MW, and MMSE between the groups. In patients with cerebrovascular diseases, the FIM-M score (p=0.001), FIM-C score (p=0.001), and FIM-T score (p=0.001) were all significantly higher in the discharged home group. There was no significant difference in the FIM-M score gain, FIM-C score gain, and FIM-T score gain (NS) between the groups. The discharged home group had a significantly higher FIM-M-E (p\<0.05) ([Table 3](#tbl_003){ref-type="table"}Table 3.FIM scoreHome discharge group (n=71)Non-home discharge group (n=20)FIM scoresSubcategoriesAveSDAveSDpEatingSelf-care5.851.733.72.410.001GroomingSelf-care5.371.862.651.840.001BathingSelf-care4.182.232.051.640.001Dress upper bodySelf-care4.822.092.351.90.001Dress lower bodySelf-care4.522.142.251.80.001ToiletingSelf-care4.692.022.251.890.001Bladder managementSphincter control5.172.562.52.260.001Bowel managementSphincter control5.182.462.62.140.001Bed/chairTransfers (mobility)4.931.762.81.850.001ToiletTransfers (mobility)4.891.832.71.920.001Tub/showerTransfers (mobility)4.072.071.81.360.001Gait/wheelchairLocomotion3.922.351.81.740.001Stairs locomotionLocomotion2.72.061.20.890.001ComprehensionCommunication5.321.613.71.870.001ExpressionCommunication4.941.843.21.910.001Social interactionSocial cognition5.171.713.351.870.001Problem-solvingSocial cognition4.282.132.11.370.001MemorySocial cognition4.551.962.651.420.001FIMMoter60.3823.3130.6521.180.001Cognitive24.278.45157.130.001Total84.428.9545.6526.180.001FIM gainMoter13.6511.9411.1012.22N.S.Cognitive3.665.162.355.32N.S.Total17.3114.2213.4516.29N.S.FIM efficiencyMoter0.200.200.120.190.05Cognitive0.060.090.010.10N.S.Total0.250.240.140.26N.S.Mann-Whitney U test.).

The ROC curve with the false positive rate and true positive rate plotted as the horizontal and vertical axes, respectively, is shown in the figure. When we statistically calculated the FIM-M score cutoff point that can predict discharge to home for patients with cerebrovascular disease, with the area under the curve (AUC) of 0.832 (p\<0.001). A positive rate of 60.6--69.0%, and false positive rate of 5--15.0%, the predicted FIM-M score at the time of hospitalization would be 53.5--60.0 points ([Fig. 1](#fig_001){ref-type="fig"}Fig. 1.Determination of the cut-off point of the Functional Independence Measure (FIM) using a receiver operating characteristic curve. The point with the larger Youden index, equal to sensitivity+specificity-1, was defined as the superior cut-off point. The ROC curve analysis showed that the cut-off point of the motor FIM (FIM-M) score at admission was 53.5--60.0 points in patients with cerebrovascular conditions. The area under the curve (AUC) AUC, sensitivity, and specificity were 0.83, 60.6 to 69.0%, and 90 to 95%, respectively.). Performed multiple logistic regression analysis with BBS score, FIM-M score, FIM-C score, 10 m walking (number of steps), and Fujishima scale at admission as independent variables and discharged home group or non-discharged home group as dependent variables. As a result, the BBS score at admission was selected in step 1. \[multiple logistic regression analysis, odds ratio=1.088; 95% CI 1.008 to 1.175, p=0.03. positive discrimination rate=88.5. y=(−1.04) + (BBS score at admission) × 0.084)\].

DISCUSSION {#s4}
==========

In this study, it was possible to predict discharge to home of patients with cerebrovascular diseases according to the differences in their ability to perform ADL and physical function at the time of admission. The cerebrovascular disease group had a high rate of patients who were discharged home (78%), demonstrating that the rehabilitation intervention is effective. Moreover, given that we were able to statistically calculate the FIM score at admission for the patients who were discharged home successfully, we proved that it is possible to predict the prognosis from the time of admission to the recovery phase rehabilitation ward.

In the previous study[@r5]^)^, many factors such as age, number of days from onset of stroke until admission, admission GCS, admission NIHSS, and admission FIM were involved in predicting FIM score at discharge. On the other hand, in this study, it is possible to predict the possibility of discharge to the home by the FIM score at admission, which is a new finding obtained in this study.

The patients in the discharged home group were younger and had a shorter number of hospitalization days than those in the non-discharged home group. The cognitive function of the discharged home group also exceeded the cutoff point, indicating that they still retained their cognitive function. The BBS score, which was a general evaluation of balance ability, was higher in the discharged home group, indicating that they still retained their balance function. The FIM-M, FIM-C, and FIM-T scores were significantly higher in the discharged home group, with the following values: FIM-M score, 66.35% (60.38/91 points); FIM-C score, 69.34% (24.27/35 points); and FIM-T score, 66.98% (84.4/126 points) for the ability to perform ADL. The FIM sub-items average score were over 4/7 points except for stairs and walking, indicating that patients obtaining this score has a moderate capability for self-care. There was also a significant difference in FIM-M-E, which is the index for FIM gain per day.

Based on the results of this study, we clarified that an increase of 0.2 points per day increases the possibility of being discharged home. Therefore, therapists are required to confirm the improvement in ADL of approximately 1 point every 5 days. Research related to the recovery phase rehabilitation wards in Japan has reported that FIM-M score at discharge can be predicted with high degree of precision with multivariate analysis using FIM motor effectiveness[@r14]^)^. In the previous study[@r13]^)^, the cut-off FIM-T score of 63/126 points is useful to discriminate patients with adverse events among those with acute stroke. In this study, the total FIM score was 84.4 points; thus, higher ability was needed for the patients to be discharged home. In this study, the FIM scores at admission and the overall balance evaluation (BBS) were the factors affecting a patient's chance of being discharged home, suggesting that balance training is an important rehabilitation intervention. Balance training includes programs that improve basic physical function and actual movement. Meanwhile, although not significant, there was a difference of approximately 10 days until admission to the recovery phase rehabilitation ward between the discharged and non-discharged home groups. Accordingly, it may be important to admit patients to the recovery phase rehabilitation ward as soon as possible and to start rehabilitation.

We clarified that it is possible to predict discharge to home using an ROC curve. In other words, we clarified that patients can be discharged home successfully if the FIM-M score at admission is 53.5--60.0 points for patients with cerebrovascular disease. In a previous study[@r15]^)^, the FIM sub-item scores or degrees of autonomy achievement and time to achieve autonomy had distinctive characteristics, depending on the type of ADL. Therefore, it is important to implement an intensive training that is in line with the severity at admission and the ADL ability with reduced function. It is important to provide an individualized approach for each ADL to achieve the FIM score that will enable the patient to be discharged home. Moreover, in the national survey[@r1]^)^, it was reported that the FIM gain exceeds 20 points when the cumulative number of training units exceeds 700--800 in patients with cerebrovascular diseases and 500--600 in patients with orthopedic diseases. These findings suggest the importance of increasing the amount of training.

The main limitation of this study was that there was no detailed analysis of the previously reported factors affecting the possibility of a patient to be discharged home, which are as follows: 1) family structure and number of family members, and 2) living environment and financial situation.
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